If there exists an arbitrary supersymmetric U(1) gauge factor at the TeV scale, under which the two Higgs superfields H 1,2 of the standard model are nontrivial, and if there is also a singlet superfield S such that the H 1 H 2 S term is allowed in the superpotential, then the structure of the two-doublet Higgs sector at the electroweak scale is more general than that of the MSSM (Minimal Supersymmetric Standard Model). Under further assumptions of grand unification and universal soft supersymmetry breaking terms, the scale of U(1) breaking is related to the parameter tan β ≡ v 2 /v 1 .
1
H 1 ∼ (1, 2, −1/2; −a),
(1) H 2 ∼ (1, 2, 1/2; −1 + a), (2) S ∼ (1, 1, 0; 1).
The superpotential of this model is then given by
This has the advantage that the µH 1 H 2 term in the MSSM (Minimal Supersymmetric Standard Model) is replaced by µ = f S , which is a possible solution of the so-called µ problem. (Since the H 1 H 2 term is allowed by supersymmetry in the MSSM, there is no natural understanding as to why µ should not be very much larger than the scale of supersymmetry breaking. On the other hand, with S at the TeV scale and f a typical Yukawa coupling, it is natural for µ to be at the electroweak scale, leading to the possibility that all physical members of the two Higgs doublets are at the 100 GeV scale.) In the scalar sector, let H 1 be represented byΦ 1 = (φ First, we assume u ∼ M SUSY ∼ TeV. This is natural because U (1) X cannot be broken without also breaking the supersymmetry. Of course, it is also possible 2 to have u < TeV. Second, we assume that at the 100 GeV scale, there are just the two Higgs doublets. This requires f A f u = m 2 12 << (TeV) 2 .
Reduced Higgs Potential
With χ = u, the scalar field √ 2Reχ is physical and has a mass given by
2 coupling is given by
Similarly, the other effective quartic scalar couplings are as follows:
Note that in the limit f = 0, we recover the Higgs structure of the MSSM.
where the radiative correction due to the t quark and squarks is given by
Hence the existence of an extra supersymmetric U(1) gauge factor at the TeV scale implies
where
If A > 0, the MSSM bound can be exceeded. However, for a given g 
Models Based on E 6
Consider the sequential reduction of E 6 :
Assuming that a single extra U(1) survives down to the TeV energy scale, it is generally given by a linear combination of U (1) ψ and U (1) χ which we call
Under the subgroup SU (5) × U (1) ψ × U (1) χ , we then have
where the U(1) charges refer to 2 √ 6Q ψ and 2 √ 10Q χ . Note that the known quarks and leptons are contained in (10; 1, −1) and (5 *
then the η-model 
Supersymmetric Scalar Masses
As a reasonable and predictive procedure, we will adopt the common hypothesis that soft supersymmetry-breaking operators appear at the grand-unification scale as the result of a hidden sector which is linked to the observable sector only through gravity. Hence these terms will be assumed to be universal, i.e. of the same magnitude for all fields. Consider now the masses of the supersymmetric scalar partners of the quarks and leptons:
where m 0 is a universal soft supersymmetry-breaking mass, m 2 R is a correction generated by the renormalization-group equations running from the grandunification scale down to the TeV scale, m F is the explicit mass of the fermion partner, and m 
Thus it is actually possible 6 for exotic scalar quarks and leptons to be lighter than the ordinary ones. Furthermore, since these masses are also present in the Higgs potential, the contributions of ∆m 2 D due to U (1) α are essential in constraining its parameters, i.e. m A and tan β.
Matching of Parameters at the TeV Scale
In the two-doublet Higgs potential, the soft terms are given by
In the U (1) α -extended model, they are related to M Z and the pseudoscalar mass m A as follows:
In the limit f = 0 in the above, we recover the well-known results of the MSSM. On the other hand, Eqs. (7) and (25) tell us that
where M in that the former contains the contribution from the t Yukawa coupling and the latter does not. Given a particular U (1) α from E 6 , we can start at the grand-unification scale with m 0 , A 0 , and m 1/2 , then for a given value of f , the matching of Eqs. (36) to (38) with Eqs. (33) to (35) will allow us to derive u and tan β.
In our approach 1 , we assume that the term f ′ hh c S in the superpotential is important enough to drive m 2 χ in Eq. (7) negative, so that U (1) α is broken with
where g α is assumed equal approximately to 5/3g 1 . The mass of the exotic quark h is then given by f ′ |u|. As mentioned already at the end of Sec. 1, we assume also that f A f to be small compared to u. In a different approach 2 , f ′ is assumed zero, but f A f is taken to be rather large. In that case, v 1,2 and u cannot be separated into two different scales. Also, there is no solution with universal soft supersymmetry-breaking terms.
In Figures 4 to 9 of Ref. 1, we show typical solutions of tan β and |u| for various inputs of m 0 , A 0 , the gluino mass, and f . We find M Z ′ to be around 1 TeV, m h around 2 TeV, and tan β around 4. These solutions are much more constrained than the ones in the MSSM because the free parameter m 2 12 = Bµ is now replaced by f A f u.
Conclusion
An extra supersymmetric U (1) α gauge factor from E 6 is a good possibility at the TeV energy scale. Its existence implies that the two-doublet Higgs structure at around 100 GeV will be observably different from that of the MSSM. Supersymmetric scalar masses are also very different because of the large ∆m 2 D contributions. The U (1) α breaking scale and the well-known parameter tan β ≡ v 2 /v 1 are closely related.
